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Background: Error in self-reported measures of obesity has been frequently described, but the effect of
self-reported error on recruitment into diabetes prevention programs is not well established. The aim of this study
was to examine the effect of using self-reported obesity data from the Finnish diabetes risk score (FINDRISC) on
recruitment into the Greater Green Triangle Diabetes Prevention Project (GGT DPP).
Methods: The GGT DPP was a structured group-based lifestyle modification program delivered in primary health
care settings in South-Eastern Australia. Between 2004–05, 850 FINDRISC forms were collected during recruitment
for the GGT DPP. Eligible individuals, at moderate to high risk of developing diabetes, were invited to undertake
baseline tests, including anthropometric measurements performed by specially trained nurses. In addition to errors
in calculating total risk scores, accuracy of self-reported data (height, weight, waist circumference (WC) and Body
Mass Index (BMI)) from FINDRISCs was compared with baseline data, with impact on participation eligibility
presented.
Results: Overall, calculation errors impacted on eligibility in 18 cases (2.1%). Of n = 279 GGT DPP participants with
measured data, errors (total score calculation, BMI or WC) in self-report were found in n = 90 (32.3%). These errors
were equally likely to result in under- or over-reported risk. Under-reporting was more common in those reporting
lower risk scores (Spearman-rho =−0.226, p-value < 0.001). However, underestimation resulted in only 6% of
individuals at high risk of diabetes being incorrectly categorised as moderate or low risk of diabetes.
Conclusions: Overall FINDRISC was found to be an effective tool to screen and recruit participants at moderate to
high risk of diabetes, accurately categorising levels of overweight and obesity using self-report data. The results
could be generalisable to other diabetes prevention programs using screening tools which include self-reported
levels of obesity.
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Several clinical trials have demonstrated that lifestyle
modification with weight loss and moderate physical ex-
ercise can reduce the incidence of type 2 diabetes by up
to 58% for people at high risk [1]. The Greater Green
Triangle Diabetes Prevention Project (GGT DPP) was a
‘real world’ implementation trial based on the Finnish
Diabetes Prevention Study (DPS) [2] and the Good* Correspondence: andrea.hernan@greaterhealth.org
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reproduction in any medium, provided the orAgeing in Lahti Region (GOAL) Lifestyle Implementa-
tion Trial [3]. The GGT DPP was a structured group-
based lifestyle modification program delivered in Austra-
lian primary health care settings from 2004–2006. Its
aim was to prevent the onset of type 2 diabetes among
moderate to high risk individuals utilising evidence
based behaviour change theories [4].
Recruitment of people at high risk is a major part of
diabetes prevention programs. One method for recruit-
ing high risk individuals into these programs is through
the use of a diabetes risk score. In the GGT DPP dia-
betes risk was ascertained using the Finnish diabetes riskLtd. This is an Open Access article distributed under the terms of the Creative
ommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and
iginal work is properly cited.
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tions regarding risk factors for diabetes, and includes
waist circumference and Body Mass Index (BMI, kg/m2)
based on height and weight, which were all self-reported
in the GGT DPP recruitment.
Epidemiological studies often use self-reported data to
ascertain anthropometric information of a given popula-
tion in order to estimate levels of risk for chronic dis-
eases, such as type 2 diabetes. One of the most
important risk factors for type 2 diabetes is obesity [6].
Overweight and obesity estimates are generally deter-
mined from BMI [7]. Waist circumference and waist to
hip ratio have also been used as indicators to estimate
prevalence of overweight and obesity, particularly central
adiposity [7,8].
BMI calculated from self-report height and weight,
derived from telephone interview or questionnaire, is a
low cost method to gather population data, but the val-
idity and measurement error apparent in the use of these
self-report data remains a contentious issue. There have
been numerous small scale studies [9-11], the largest
population based study comprising 21 789 individuals
[12], and a systematic review [13] investigating the error
between self-reported height and weight and BMI and
actual measured height and weight, and BMI. These
studies found that generally weight is underestimated
and height is overestimated, and consequently BMI is
underestimated. However, there are some studies that
report the opposite effect [14,15]. A number of charac-
teristics have been shown to be linked with incorrectly
self-reporting weight and height and include; gender
usually female, older age, ethnicity, presence of obesity,
lower socio-economic status, presence of disability, and
social desirability for thinness and tallness [11-13].
Errors between self-reported and measured waist cir-
cumference have also been reported in the literature,
with under-reporting being the most consistent finding
[12,16,17].
Errors in self-report data have implications for popula-
tion health surveillance, obesity estimates, and resource
allocation, and could impact upon recruitment into
health prevention programs, such as type 2 diabetes pre-
vention programs that target high risk individuals.
This study aims to examine the effect of error in self
reported measures of obesity on recruiting into diabetes
prevention programs, using data from the GGT DPP
about the accuracy of self-reported compared with ob-
jectively measured height, weight, waist circumference
and BMI.
Methods
The methods and recruitment process have been previ-
ously described [4]. Briefly, this project was carried out
across three sites in Southeast Australia. Recruitmentinto this study occurred through opportunistic screening
by study nurses of individuals aged 40–75 years present-
ing at local general practices. FINDRISC was used to
identify individuals at moderate to high risk of develop-
ing type 2 diabetes [5].FINDRISC
FINDRISC was developed in Finland from population
based epidemiological studies and provides a total score
that predicts future diabetes risk [5]. The tool is a one
page form that contains eight questions with weighted
categorical answers about age, BMI, waist circumference,
physical activity, daily consumption of fruits, berries or
vegetables, history of antihypertensive drug treatment,
history of high blood glucose, and family history of dia-
betes. The total risk score is a sum of the individual
scores from each of the eight questions, with totals ran-
ging from zero to 26 [18].
During recruitment for the GGT DPP, potential parti-
cipants were asked to fill in the anthropometric informa-
tion on the FINDRISC from self-report. This included
data for questions about height, weight and waist cir-
cumference category. Study nurses were available to pro-
vide assistance if necessary, but were not required to
perform anthropometric measures. However, after con-
tacting the study nurses from all sites, one site was
excluded from the analysis between self-report and mea-
sured data as the study nurse measured height, weight,
and waist circumference during recruitment.
The study nurse was required to calculate BMI from
self-reported height (m) and weight (kg), and then the
total risk score. They were provided with a handheld
BMI calculator to determine BMI and then record an
individual’s BMI category. The BMI calculator has meas-
urement markings for height between 1.4 and 2.1 m with
1 cm increments, weight between 40 and 120 kg with
1 kg increments, and BMI between 10 and 60 kg/m2
with 1 kg/m2 increments. Conversion charts for height
from feet and inches (5’ 0” to 6’ 6”) to cm and weight
from stone (8 to 26) to kg were also provided (all to 0
decimal places).
BMI categories were based on the World Health Organi-
sation’s International Classifications, with normal BMI
(<25.0 kg/m2) scored ‘0’, overweight (BMI 25.0-29.9 kg/m2)
scored ‘1’, and obese (BMI ≥30.0 kg/m2) scored ‘3’ [19].
Waist circumference categories were different for men
and women based on Lean’s (1995) ‘waist action levels’ that
correspond to BMI categories of normal, overweight and
obese [20]. For both men and women normal categories
(men <94.0 cm, women <80.0 cm) were scored ‘0’, over-
weight categories (men 94.0 cm-101.9 cm, women 80.0 cm-
87.9 cm) were scored ‘3’, and obese categories (men
≥102.0 cm, women ≥88.0 cm) were scored ‘4’.
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total score of 12 or more on the FINDRISC (moderate to
high risk). This score was selected to be comparable with
the GOAL Lifestyle Implementation Trial recruitment cri-
teria [3]. Individuals with cancer, recent myocardial infarc-
tion or stroke, cognitive impairment, substance abuse,
pregnancy or previous type 2 diabetes diagnosis were
excluded from the study [4].
Individuals recruited to the study attended baseline clin-
ical tests within three weeks of being screened with the
FINDRISC. Objectively measured height, weight, and waist
circumference were among the anthropometric measures
taken by specially trained study nurses using the European
Health Risk Monitoring protocol [21]. Specifically, waist
circumference was measured with a non-stretched plastic
tailor's measuring tape. Participants were measured at a
level midway between the lower rib margin and the iliac
crest with a tape around the body in a horizontal position
with their clothes removed. Participants stood normally
with their feet approximately 12–15 cm apart, so their
weight should be equally distributed between each leg.
Additionally, participants were asked to breathe normally
with the reading of the measurement being taken at the
end of gently exhaling.
Height and waist circumference were measured in cm
to 1 decimal place, and weight was measured in kg to 1
decimal place. For waist circumference, the mean of two
measurements was used.
Analysis
Data were analysed in PASW Statistics (SPSS) version
18. Absolute numbers with percentages are presented in
the results section.
After considering the time between recruitment and
baseline clinical testing, daily fluctuation of weight [22], and
potential waist circumference measurement error, border-
line categories were created for BMI and waist circumfer-
ence. The two extra categories of BMI were ‘borderline
normal/overweight’ (borderline N/OW, 25 kg/m2±2 kg)
and ‘borderline overweight/obese’ (borderline OW/OB,
30 kg/m2±2 kg). A 2 kg allowance has been previously
used by Rossouw et al. (2000) in determining the accuracy
of self-reported weight in overweight or obese subjects [22].
Similarly, borderline categories were created for waist cir-
cumference that allow for a±2 cm margin of error.
Paired T-test was used to determine the difference be-
tween self-reported and measured BMI. Spearman-rho
was used to calculate the correlation between original
risk score total and risk score error in those who
attended baseline clinical testing.
Ethics
This study was approved by the Flinders University Clin-
ical Research Committee (reference number 105/034).Individuals who participated in the GGT DPP (n = 347)
provided written and informed consent.
Results
Approximately 1,500 people were approached to under-
take the FINDRISC, with a total of n = 850 FINDRISC
forms being collected during recruitment for the GGT
DPP. The total (n = 850) represents individuals (63% fe-
male) who were ineligible (n = 315), excluded (n = 39),
eligible but did not participate (n = 149), and those eli-
gible who agreed to participate (n = 347) (Figure 1).
The mean self-reported height and weight for men
were 176.4 cm (SD 6.5) and 93.0 kg (SD 16.5) respect-
ively and for women 163.0 cm (SD 6.9) and 82.3 kg (SD
17.5).
Total sample (calculation errors in self-report)
A total of n = 816 FINDRISC forms contained a total
score. Mean FINDRISC total score was 12.8, (SD= 4.6).
Errors in either BMI calculations or total score calcula-
tions or both were found in 128 forms. For total scores,
n = 88 (10.8%) were calculated incorrectly by the study
nurse or potential participant, with 36 having under-
reported risk and 52 having over-reported risk. There
were some differences between BMI categories selected
on the risk score versus BMI calculated correctly from
height and weight on the risk score. BMI category errors
resulted in 37 individuals (4.4%) over-reporting their
BMI and 16 (1.9%) under-reporting their BMI, while
90.1% (n = 766) were correct, and 3.6% (n = 31) had
missing data.
These errors were assessed to determine their impact
on eligibility for participation in the GGT DPP. Errors
impacted on eligibility in 18 cases (2.1%). Twelve who
were originally eligible (initial scores 12, 13, 14) were ac-
tually ineligible (recalculated scores 9, 10, 11). Six who
were originally ineligible (initial scores 7, 10, 11) were
actually eligible (recalculated scores 12 and 13).
Sub-sample (actual vs. self-report)
There were a total of n = 347 who were eligible for ana-
lysis, however, participants from one site (n = 65) were
excluded, as self-report data were not available due to
the nurse measuring height, weight, and waist
circumference.
BMI category reported on the FINDRISC was com-
pared with BMI calculated from measured data for those
who were eligible and participated. A total of n = 278
had full information available for this comparison. Based
on BMI category, n = 33 (11.9%) had under-reported and
n= 13 (4.7%) had over-reported BMI. After allowing for
a ± 2 kg margin of error, n = 23 (8.3%) had under-
reported and n= 7 (2.5%) had over-reported BMI cat-
egory (Table 1). Mean self-reported BMI was lower than
Approximatelyn=1500 individuals approached
during recruitment for GGTDPP
n=850 FINDRISC
forms collected
n=315 ineligible n=535 eligible Eligibility based on FINDRISC score of 12 or more
n= 347 agreed to
participate in GGTDPP




Did not meet subsequent
GGTDPP inclusion criteria






Participants from one GGTDPP
site did not have self-reported







did not contain a
total score
Figure 1 Flow chart of information collected during GGT DPP recruitment and inclusion/exclusion criteria for analysis.
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n = 200 (71.9%) individuals had under-reported BMI to
some extent.
Self-report and actual waist circumference category
errors were calculated similarly to BMI above. Based on
waist circumference category for both men and women
(n = 281), 40 (14.2%) under-reported and 8 (2.8%) over-
reported their waist circumference. After allowing for
a ± 2 cm margin of error, 27 (9.6%) under-reported and 4
(1.4%) over-reported their waist circumference category
(Table 2).
The level of under-reporting, correct reporting and
over-reporting for both BMI and waist circumference
categories after allowing for margins of error can beTable 1 Self-reported BMI category vs BMI category as
calculated from measured data
Self-reported BMI category
Actual BMI category Normal(n) Overweight (n) Obese (n) Total
Normal 2 1¤ 0¤ 3
Borderline N/OW* 1 6 0¤ 7
Overweight 4} 40 6¤ 50
Borderline OW/OB* 0} 20 6 26
Obese 0} 19} 173 192
Total 7 86 185 278
*Categories represent those within 2 kg of cutoffs for normal and overweight
(N/OW), and overweight and obese (OW/OB).
Notes for table: } represents participants who under-report their BMI and ¤
represents those who over-report their BMI, after allowing for 2 kg margins of
error.viewed in Table 3. In total, 58 (21.0%) over- or under-
reported BMI or waist circumference category. Under-
report was most common.
Table 4 shows the corrected risk score and the over-
reporting or under-reporting errors in this risk score.
Total risk scores were calculated correctly for 189
(68.7%, Table 4). However, risk scores from self-report
were over-reported for 39 participants (14.0%), resulting
in two participating in the program despite being ineli-
gible based on anthropometric measurements. Self-
reported risk scores were under-reported by 51 partici-
pants (18.3%).
Under-reporting was generally more common in those
reporting lower risk scores (Table 4), with a low correl-
ation found between risk score and error (Spearman-
rho =−0.226, p-value < 0.001).
Table 4 also demonstrates errors in self report by cat-
egories of risk. A total of 11 participants out of the 180
participants at high risk (6.1%) were incorrectly cate-
gorised as moderate risk.
Discussion
We believe this is the first study describing the effect of
error in self reported measures of obesity on recruitment
into a diabetes prevention program. Errors in self-report
were found in one in five participants in the GGT DPP,
with over half of these resulting in underestimations of
type 2 diabetes risk based on the FINDRISC tool. How-
ever, the impact of the underestimation only resulted in
6% of individuals at high risk of diabetes being
Table 2 Self-reported Waist Circumference category vs measured Waist Circumference category
Self-reported Waist Circumference category
Actual Waist Circumference category Normal (n) Overweight (n) Obese (n) Total
Normal 2 2¤ 0¤ 4
Borderline N/OW* 2 5 0¤ 7
Overweight 0} 7 2¤ 9
Borderline OW/OB* 0} 16 9 25
Obese 2} 25} 209 236
Total 6 55 220 281
* Categories represent those within 2 cm of cutoffs for normal and overweight (N/OW), and overweight and obese (OW/OB).
Notes for table: } represents participants who under-report their waist circumference category and ¤ represents those who over-report their waist circumference
category, after allowing for 2 cm margins of error.
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betes. Therefore FINDRISC was generally found to be
an effective tool to screen and recruit participants at
moderate to high risk of diabetes. This finding also sug-
gests that self-reported levels of obesity may be adequate
to use in other screening tools for the prevention of type
2 diabetes.
The accuracy of self-reported BMI and waist circum-
ference found in this study are consistent with evidence
suggesting that generally there is an overestimation of
height, underestimation of weight, and therefore an
underestimation of BMI [9-13]. This result has been
found in populations who are overweight or obese
[9,22], and in middle aged or elderly populations [23,24].
In this study, when using BMI as a continuous measure,
this is particularly notable for the two thirds of indivi-
duals who under-reported their BMI to some extent.
Waist circumference followed a similar trend with
under-estimation being more common than over-esti-
mation. To better approximate levels of obesity, other
studies have adjusted self-reported data for a number of
confounding factors [9,11,14]. This has been found to be
a viable methodology for developing population esti-
mates. For recruitment into diabetes preventionTable 3 Under-report and Over-report for Waist
Circumference and/or BMI (allowing for error margin*)
Waist Circumference Status
BMI Status Under-report (n) Correct (n) Over-report (n) Total
Under-report 1# 21# 1# 23
Correct 25# 219 3# 247
Over-report 1# 6# 0# 7
Total 27 246 4 277
*Under-report and Over-report categories include allowances for 2 kg and
2 cm margins of error.
Notes for table: # represents participants who either under-reported or over-
reported at least one of BMI or waist circumference.programs, accuracy in assessing risk at the individual
level is required.
Central obesity, as measured by waist circumference,
is an increasingly recognised important risk factor for
type 2 diabetes. This is now well recognised by health
professionals, but to a lesser extent by the general popu-
lation [25]. Unlike weight, waist circumference is not
commonly measured by individuals, and it has been
shown that individuals may find it difficult to measure
their waist circumference accurately [9]. Additionally,
clothing sizes vary and can lead to misperception. Waist
circumference misperception is demonstrated in this
study with a larger proportion of participants inaccur-
ately categorising waist circumference than height and
weight. Since waist circumference is such an important
risk factor for diabetes and cardio-metabolic diseases,
more health promotion and social marketing is needed
to increase public awareness [25].
Anthropometric information used to derive FINDRISC
was determined from measured data [5], unlike the self-
reported methods used to assess risk in the GGT DPP.
Using self-reported weight, height, and waist circumfer-
ence in the real world may reduce FINDRISC’s demon-
strated high sensitivity, specificity and predictive value.
But the results from this study have shown that the par-
ticipants in this study were generally correctly identified
by FINDRISC as being at moderate to high risk of dia-
betes. It is expected that the majority of those at risk of
diabetes were captured, with only some being missed
due to self-report errors.
There are some limitations in this paper that need to
be taken into consideration, one of which includes the
possibility of response bias. Potential participants and
facilitators may have biased answers on purpose in order
to show less or more risk. For example, individuals not
wanting to participate may modify their responses to
avoid recruitment. Conversely, in individuals who are
perceived to be on the borderline for recruitment, study
Table 4 Corrected Risk Score vs Error in Risk Score*
Categories of risk Corrected Risk Score Risk Error Total individuals
Over-report Risk Correct Under-report Risk
−5 −4 −3 −2 −1 0 1 2 3 4
Low 10 1¤ 1
11 1¤ 1
Moderate 12 5 1 27 33
13 1† 3† 15 3 22
14 2† 1† 26 5 4 38
High 15 4 2 16 3# 3# 1# 29
16 3 1 3 22 8 1# 1# 1# 40
17 1 1 2 20 2 5 31
18 1 20 2 4 1# 28
19 1 14 2 17
20 11 2 1 1 15
21 1 2 6 9
22 1 3 4
23 1 5 6
24 2 1 3
25 2 2
26 0
Total 1 0 8 18 12 189 25 20 3 3 279
*Errors in risk score include allowances of 2 kg and 2 cm margins of error.
Notes for table: ¤ indicates participants who over-reported their risk and were consequently ineligible based on anthropometric measurements.
† indicates participants at high risk who were actually at moderate risk based on anthropometric measurements.
# indicates participants at moderate risk who were actually at high risk based on anthropometric measurements.
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score up to 12 and encouraged them to join the pro-
gram. The time lag between self-report and clinical test-
ing could affect the measurement comparisons. Since
margins of error were included to account for this, the
estimate of 6.1% of high risk individuals incorrectly cate-
gorised as moderate risk is a conservative estimate. The
specific results of this study may not be generalisable as
the study population were recruited opportunistically
from general practices. Anthropometric measurements
were not available for n = 315 who were deemed ineli-
gible, making it difficult to estimate how many of
them should have been eligible. We recognise that
BMI and waist circumference per se are not accurate
measures of adiposity and the cut-off points are arbi-
trary and that they do not differentiate between mus-
cles and fat or take into account the full effect of
height so that for example a short person’s cut-off
points should probably be lower than for a taller per-
son. This phenomenon may have affected participants
"self-perceived obesity”. For some people self-perceived
obesity might actually be a more accurate risk predictor
than measured obesity. Other potential causes of miscal-
culation of FINDRISC such as misreporting familyhistory, previous high glucose measurements, diet and
exercise have not been addressed in this study.
Conclusions
Risk-prediction tools can help to improve diagnosis of
pre-diabetes in risk individuals, and therefore assist in
preventing type 2 diabetes [26]. FINDRISC is a simple,
inexpensive, non-invasive, validated and reliable tool
designed to assess risk of type 2 diabetes quickly and ef-
ficiently in primary care settings [5,18]. FINDRISC has
also been said to be the best available tool for use in
clinical practice in Caucasian populations when compar-
ing its accuracy, availability, practicability and cost to
other commonly used risk-prediction tools [26]. The
results from this study highlight this tool’s ability to cap-
ture individuals who are most at risk of diabetes.
As obesity is one of the major contributing risk factors
for type 2 diabetes, the tools used to assess the level of
overweight and obesity need to be carefully considered
prior to recruitment into diabetes prevention programs.
This is especially important as large-scale diabetes pre-
vention programs are being implemented world-wide as
a response to the rising burden of this costly obesity
related disease.
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